Metastasis of malignant tumours by way of the blood stream is common, but until the last five years there were very few descriptions of the isolation of tumour cells from the circulating blood (Marcus, 1919; Jonescu, 1931; Pool and Dunlop, 1934) . It was usually thought that metastases were thrown off intermittently and in small numbers so that there was little likelihood of finding them in a random blood sample.
An exception is provided by the malignant conditions of the haemopoietic system-leukaemia, reticulosarcoma, multiple myeloma-which will not be considered here. Another is neuroblastoma, which occasionally mimics an acute leukaemia (Undritz, 1948 , and in the Sandoz atlas; Christenson, Ultmann, and Mohos, 1956; Okinaka, Nakao, Kinugasa, Takaku, and Ohtsuki, 1956) .
With the introduction of effective methods of separating the red and white cells, new attempts have been made to identify circulating cancer cells. Reports have now come from various centres claiming to have found such cells in a surprisingly high proportion of cases of malignant disease, ranging from 16 to 59% (Engell, 1955 (Engell, , 1959 Fisher and Turnbull, 1955; Moore, Sandberg, and Schubarg, 1957; Roberts, Watne, McGrath, McGrew, and Cole, 1958; Pruitt, Hilberg, and Kaiser, 1958; Fletcher and Stewart, 1959; Reiss, 1959) .
After practically a century of morphological haematology it might be thought that all the types of cell occurring in the blood would already be well known. It turns out, however, that this is not the case, and the new techniques of white cell concentration are beginning to reveal a remarkable variety of non-malignant cells which are seldom or never figured in atlases of the blood. Unfortunately the statistics of the occurrence of supposedly malignant cells in the blood have been compiled and published before, and not after, a thorough study of the other lesser-known cells which might cause confusion, and it seems very likely that malignant cells have been overdiagnosed for this reason. Several of the authors recommend techniques which have not been extensively used in the past for the study of blood or bone marrow. The Papanicolaou method, for instance, does not seem to us to have any advantage in this field over the Romanowsky stains which are universally used in haematological diagnosis.
We hope in this paper to help to remedy the position by illustrating a variety of different nonmalignant cells, some of which are of known origin and others' unknown, as well as some which we consider to be acceptable tumour cells. The reader is also referred to Sandberg, Moore, and Schubarg (1959) (Undritz, 1952; Osgood and Ashworth, 1937; Moeschlin, 1947; Bessis, 1956 Macrophages.-This name has been applied to monocytes which develop vacuoles and evidence of phagocytosis, and are found in the blood in septicaemia. Cells similar to the alveolar macrophages of the lung have been recorded by Sandberg et al. (1959) . We have seen isolated examples of macrophages in blood from a variety of cases, and occasionally their contents have been of a specific kind; for instance, in a case of Gaucher's disease (Fig. 3) these cells contained the characteristic fibrous or crystalline material, and in a case of malignant melanoma with melanosis there were macrophages containing melanin (Goodall, Spriggs, and Wells, 1960) .
Megakar>-ocytes.-The bare nuclei of megakaryocytes are normally present in the blood, but in very small numbers. Using 4 ml. volumes we have found a few in all normal samples examined, and their numbers are often increased in disease. Megakaryocyte nuclei are often seen attached to platelet agglutinates, as shown in Fig. 156 of the Sandoz Atlas of Haematology. They also occur separately, and may be of considerable size with several lobes (Fig. 4) . In Papanicolaou preparations they appear markedly hyperchromatic (Fig. 5) .
Examples with cytoplasm also occur, but in our experience these have only been found in disease, Guglielmo (1923) illustrated them in chronic myeloid leukaemia. Their morphology is the same as in bone marrow and very large ones are occasionally seen, for instance, we have observed one measuring 50 ,u across. In one patient with a leuco-erythroblastic anaemia due to myelosclerosis we found one in mitosis (Fig. 10) . Sometimes there is a high nucleo-cytoplasmic ratio, and instead of the usual profuse, pale, violet-stained cytoplasm with eosinophilic granules there is a narrow rim of cytoplasm showing intense basophilia (Figs. 7, 8, and 11) . These correspond to the megakaryoblasts illustrated by Bessis (1956) and such cells may well have been confused in the past with tumour cells. It should be emphasized again that deeply basophilic cytoplasm is very uncommon in malignant cells.
Osteoclasts.-Osteoclasts are figured in the Sandoz atlas and by Tischendorf and Heckner (1950) .
We have only on one occasion seen a probable osteoclast in the circulating blood (Fig. 13) . The cell measured 33 It x 51 ,u and contained nine oval nuclei, several of which had distinct nucleoli. The specimen was taken from the pulmonary vein of a patient with carcinoma of the lung, about 10 minutes after rib resection.
Endothelial Cells.-Cells from the vascular endothelium are uncommon in white cell concentrates, but when they occur they can cause difficulty in identification. It is useful to make imprints of veins, arteries, and the chambers of the heart in order to study these cells, which show surprising variations such as forms with multiple or giant nuclei.
Typically, endothelial cells are found in sheets, and these have ragged edges with peripheral cells coming loose. Even when free from each other several are usually found close together (Fig. 14) . The nuclei are oval, and a typical measurement would be 15 p, x 9 ,; the mean diameter of a single nucleus varies from 10 ,u to 14 ,u with rare exceptions above and below. The chromatin is rather denser than that of a monocyte, and there is often a small visible nucleolus. The cytoplasm is profuse and gives the impression of being torn and ragged at the edges. It stains pale blue and has a cloudy texture. Sometimes these cells are seen with pyknotic nuclei, or else with pink staining structureless nuclei which are obviously dead. A multinucleate form with pyknotic nuclei is shown in Fig. 15 .
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Tissue Mast Cells.-These are rarely seen in concentrates of circulating blood. They are exactly as described occurring in the bone marrow (Sandoz atlas), and one of them is shown in Fig. 16 .
Erythropoietic Cells.-In three cases we have found in antecubital venous blood taken during operation small clumps of erythropoietic cells regarded as probable marrow emboli, since all three cases had had a rib resected from five to 10 minutes previously. In two cases there were 14 and 16 normoblasts respectively, and a central macrophage or reticulum cell (Fig. 17) Fig. 18 . Comparison with the cells of pericardial fluid obtained during thoracic operations strongly suggests that these are free mesothelial cells accidentally included in the blood samples as a result of the needle traversing the pericardium. They are free cells of pericardial fluid rather than cells detached by the needle.
Features of Malignant Cells
The identification of malignant cells in any situation depends on two main characteristics. Firstly, the cells concerned must differ substantially from the other cell types found in that situation. In the case of white cell concentrates this requires a thorough knowledge of the cells of the blood including the more unusual ones described above. Secondly, the cells in question must correspond to the known appearance of malignant cells. As the cells of malignant tumours are extremely variable, so that it can almost be said that each tumour has a cell type unique to itself, the second criterion depends on a large experience of free malignant cells examined by the same technique.
At the best, the identification of a malignant cell on morphological grounds is only an opinion, and cannot be verified. The observer has to be constantly aware of his own fallibility. In the whole of our series, excluding leukaemia, myeloma, and a 16-year-old girl, had a malignant synovioma which had been excised from the ulnar border of the hand 18 months previously. At the time of finding tumour cells in the blood she had lesions in the cervical and lumbar spine, the pelvis, and lymph nodes of the neck.
There was a leuco-erythroblastic anaemia (haemoglobin 50%, 7.4 g. per 100 ml.). Tumour cells were demonstrated in the cerebrospinal fluid, the marrow, and pleural fluid. She died 10 weeks later and necropsy confirmation was obtained. Tumour cells were fairly numerous in the antecubital venous blood concentrate and the cell illustrated (Fig. 20) was typical, measuring 26x21 g, and the nucleus 21 x15 ,z. The nucleus was usually eccentric with slight irregularities and round clefts which stained pink, and had fine chromatin. The cytoplasm was of an opaque blue with a number of small vacuoles. 270081), a 66-year-old man, had had cough for nine weeks before thoracotomy, when an inoperable bronchial carcinoma was found. A mediastinal lymph-node biopsy showed anaplastic carcinoma, and tumour cells were found in the blood from an antecubital vein. He died three months later.
In the antecubital venous blood concentrate there was one clump of three tumour cells (Fig. 21) of the nuclei as is commonly seen in the " oat cells" illustrated by Spriggs (1957 There were also numerous tumour cells, frequently in clumps of two or three and some up to 14 in number (Fig. 22) . Single cells of similar appearance were present. The tumour cells were mostly 15 to 17 & in diameter, occasionally larger. The nuclei showed fine chromatin, a high nucleo-cytoplasmic ratio, and the mutual moulding of oat cells.
(5) Carcinoma of the Bronchus.-J. R. (Reg. No. 259099) was a 64-year-old man with carcinoma of the bronchus. The diagnosis was based on haemoptysis, the clinical findings, a lung shadow on radiographs, and the bronchoscopic findings. At the time of finding tumour cells in the blood he had headaches, neurological lesions, and superior vena caval obstruction. He died two weeks later. No biopsy or necropsy was obtained.
The antecubital venous blood concentrate showed five clumps of from four to eight tumour cells (Fig. 23) . These measured about 30 x 25 u but the cell margins were ill-defined. The irregular, angular nuclei measured 17 to 28 ,u in diameter. There were small separate nuclear fragments, the chromatin was finely punctate, and nucleoli were faintly seen. A few small vacuoles were present in the nuclei as well as the cytoplasm, which stained pale blue of varying density.
(6) Carcinoma of the Breast.-E. G. (Reg. No. 10270), a 36-year-old woman with scirrhous carcinoma of the breast, had had a radical mastectomy two and a quarter years previously. At the time of finding tumour cells in the blood she had diffuse bony metastases and a leuco-erythroblastic anaemia. Haemoglobin was 56% (8.3 g. per 100 ml.). Sternal marrow aspiration showed deposits of cells similar to those found in the peripheral blood. She died five months later.
The antecubital venous blood concentrate showed two rounded clumps and some single tumour cells. The larger clump had about 80 cells of 20 u diameter (Fig. 24) .
The oval or round nuclei varied in size from 10 to 15 IL, some having irregularities and several having blue nucleoli 3 Z in diameter. The cytoplasm, of a finely granular blue, often showed no distinct cell margin.
(7) Carcinoma of the Stomach. Death occurred four weeks later following pulmonary embolism from calf veins. Necropsy further demonstrated a large carcinomatous ulcer encircling the pylorus and tumour deposits in the gastric lymph nodes, the peritoneum, and the liver.
An omental venous blood sample showed several clumps of up to 12 tumour cells (Fig. 25) Diseases accompanied by extramedullary blood formation, such as myelosclerosis, are an excellent source of puzzling cells, and we have illustrated megakaryoblasts from the peripheral blood of patients with this condition, which, if they had been seen in a case of advanced carcinoma-might well have been called malignant. Carcinomatosis, when it involves the skeleton, often causes a similar blood picture, and this can easily be a source of error.
Again, plasma cells and their precursors are well known to be increased in number in malignant disease, and it is necessary to be familiar with their variations.
Most of the unusual cells illustrated in the plates came, in fact, from cases of carcinoma, and it cannot be emphasized too strongly that histological proof of malignant disease on follow-up does not constitute sufficient proof that a " positive " cytological finding was correct. There is still room for further research into the non-malignant cells occurring in the circulation before statistical data on the frequency of circulating tumour cells can be considered accurate.
